This paper proposes a method to check whether human understands contents of learning using electroencephalogram (EEG). The proposed method consists of three stages; EEG measurement, EEG feature extraction and EEG pattern classification. The EEG feature extraction method (stage) consists of three phases; frequency analysis, band division based on rhythm of brain activities and principal component extraction. The frequency analysis converts an original waveform of EEG into frequency components (bands). In the band division, frequency components were divided into five rhythms ( , Low-, High-, Lowand Highwaves). In the principal component extraction, we calculate the first and the second principal components using the principal component analysis (PCA). In the EEG pattern classification, support vector machine (SVM) is used to classify EEG patterns based on PCA results. In order to show the effectiveness of the proposed method, we conduct experiments using real EEG data. The experimental results suggest that the most important sensing position to record EEG is F7 when checking whether he/she understands contents of learning using EEG.
Introduction
Research on Brain Machine Interface (BMI) has been actively conducted in recent years. The BMI was used to control a wheelchair using EEG (1) and to operate robot arms using EEG (2) . There are lots of EEG analysis techniques to solve any problems for the BMI developments. The EEG feature extraction techniques include frequency analysis (3) , band division (4) and PCA (5) . The SVM is used for EEG pattern classification (5) (6) . On the one hand, the EEG signals are constructed on the basis of brain activities. Generally, the frontal lobe is associated with "Thinking" (7) , The temporal lobe is also associated with "Memory" (8) . However, it is not known whether or not human understands the contents of learning. Therefore, in this paper, we check whether human understands contents of learning using EEG and specify the positions in relation to understanding the contents of learning.
Proposed method
The proposed method is supposed to check whether human understands contents of learning using EEG. It consists of three stages; the EEG measurement, the EEG feature extraction and the EEG pattern classification. The flowchart of the proposed method is shown in Fig. 1. 
EEG measurement
In the EEG measurement, an EPOC device developed by EMOTIV SYSTEMS (system development corporation) is used to measure EEG activity. The EPOC uses dry-type sensors and cover 14ch electrodes (AF3, AF4, F7, F8, F3, F4,  T7, T8, FC5, FC6, P7, P8, O1 and O2 ). In addition, the EPOC has a reference electrode on the back of the ear, and the exploration electrode is arranged on the basis of the extended international 10-20 system shown in Fig. 2 . The EEG data are sent to a computer through wireless communication. The sampling rate is 128Hz as shown in Table 1 . We can obtain real EEG signals (shown in Fig. 3 ).
EEG feature extraction
The EEG feature extraction (stage) method consists of In the frequency analysis, the power spectra of EEG data after confirming that a subject understands contents of learning are calculated by fast Fourier transform (FFT). The FFT data cover frequencies from 4 to 30 Hz at 1Hz intervals. The sample of frequency analysis is shown in Fig. 5 .
The band division based on rhythm of brain activities divides the power spectra of EEG into wave (4-7 Hz), Low-wave (8-9 Hz), High-wave (10-12 Hz), Lowwave (13-17 Hz) and High-wave (18-30 Hz). The representative value of each band is the maximum value of the power spectra of EEG. The function method is as follows:
(1) where and are the start and the end of frequency band, respectively. s are the power spectra of EEG data. The sample of band division is shown in Fig. 6 .
In the principal component extraction, the first and the second principal components are extracted by PCA. The function of the PCA method is as follow:
(2) where is the corresponding feature vector. In addition, ∑ 4 @ = 1 and Z is calculated from the condition of maximum variance. We regard the first and second principal components as the EEG features. A sample result of PCA is shown in Fig. 7 .
EEG pattern classification
In the EEG pattern classification, it is checked whether human understands contents of learning by using a classifier. Classes to be classified are two classes (Understanding and Non-Understanding). The SVM is used to classify the EEG features. The SVM calculates the following optimization problem (3)(4).
is a feature vector. (•) is a kernel function, and this paper adapts the RBF kernel. The function of RBF kernel is as follows:
where is standard deviation.
Experiments
In order to show the effectiveness of the proposed method, this paper conducted the experiments using real EEG data. The subjects in this study comprised two persons: two males (average age 22 years). The subjects conducted the experiment for two days. Figure 8 shows the time table of the experiments. In the experiments, he/she answered the test related to the contents of learning. The time limit was set to 20 minutes. The test problem is related to information engineering. Then, the experimenter scored it. Moreover, the subject worn a simple electroencephalograph (EPOC device).
The experimenter expounded at length on the test to him/her. Then the experimenter asked him/her whether understanding the exposition. He/She answered the question after 5 records. If he/she said "No", the experimenter Fig. 10 . Results of subject A obtained using PCA. Fig. 11 . Results of subject B obtained using PCA. expounded again (shown in Fig. 9 ). It was judged as "Understanding" or "Non-understanding" by the following confirmation method. The confirmation is carried out on the basis of "answer is correct" and "can explain the process of problem". It is regard as "Understanding" if it satisfies all and "Non-understanding" otherwise. Table 2 shows the results of EEG measurements. "U" and "NU" represents "Understanding" and "Non-understanding" of the answers to the questions of whether understanding the exposition, respectively. The window width of the FFT was set to 128 points, and the hamming window was adopted as the window function. In the SVM, the parameters and of the RBF kernel were grid-searched and the highest accuracy was calculated.
was set to 5 patterns (0.1, 1, 10, 100, 1000), and was increased from 0.1 to 100 by 0.1 for each . In order to evaluate the proposed method, the leave-one-out cross validation (LOOCV) method was used. Figs 10 and 11 are the results of the EEG features obtained using the PCA for the subjects A and B, respectively. Red and Blue symbols show a distribution of "U" and "NU", respectively. The distributions of each channel are different in both the subjects A and B. Then, we confirmed that the distributions of "NU" (blue) were small at F7. Table 3 shows the results of the EEG pattern classifications. We confirmed that the EEG pattern classification accuracy was the highest when the sensing position to record the EEG was F7 in both the subjects A and B. Table 4 shows and at the highest accuracy.
Discussions
In the experimental results, we obtained relatively good results. These results suggest that the EEG can check whether human understands contents of learning. In Table 3 , the recognition accuracy of the EEG pattern classification was the highest when the sensing position was F7 in each subject. These results suggest that it is important to detect the EEG signals related to contents of learning because F7 is located in the lower frontal gyrus of the left brain and near the Broca's area. Moreover, the left brain can relate to numerical calculations. This means that different brain activities might be expressed with respect to numerical calculation from problems handled. The lower frontal gyrus is located at the lower part of the forehead. The forehead can relate to action decisions and memory matching. Therefore, the responses related to understanding of leaning might include the action decisions and the memory watching. The Broca's area relates to speaking words. The subjects answered the question with recording the EEG. Therefore, the activities of the EEG at F7 is unique.
Conclusions
In this paper, we proposed the method to check whether human understands contents of learning using EEG. The proposed method consisted of three stages; the EEG measurements, the EEG feature extraction and the EEG pattern classification. The EEG feature extraction method (stage) consisted of three phases; frequency analysis, band division and principal component extraction. The frequency analysis converted an original waveform of EEG into frequency components bands. In the band division, frequency components were divided into five rhythms ( , Low-, High-, Lowand Highwaves). PCA calculated the first and the second principal components. The SVM classified "Understanding" and "Non-Understanding" on the basis of PCA results. In order to show the effectiveness of the proposed method, we conducted the experiments using real EEG data. In experimental results, we confirmed that the EEG pattern classification accuracy is the Table 4 . and at the highest accuracy. highest when the sensing position was F7. These results suggest that it is important to measure and use EEG signals if we judge whether understanding the contents of learning.
